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Incorporation of DiZPK into alpha-tubulin
Zirong Chen
Mentors: Dr. Susan Bane, Dr. Susan Flynn
Abstract

Methods

Microtubules are structural components in cells that play important functions such as maintaining
cell shape and facilitating intracellular transport. Furthermore, there are many microtubule binding
proteins that interact with microtubules, expanding microtubule function. There are many studies
on these binding proteins, but most of them exclusively interact with the surface of microtubules.
However, microtubules are hollow shaped, allowing for the possibility of proteins entering and
interacting with the insides or the lumen of microtubules. Only a few proteins have been identified
with this behavior. A notable example is alpha-tubulin acetyltransferase (atat). However, there are
still questions about the role of acetylation in microtubule dynamics. Here, we describe our efforts
toward an alternative method to study atat-lumen interactions. We believe that a novel
photocrosslinking amino acid, DiZPK, can be incorporated into the microtubule lumen to capture
atat. If successful, our work can also enable the study of other protein-protein interactions within
the lumen.
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Introduction
Microtubules themselves are composed of alpha-tubulin and beta-tubulin dimers that
polymerize together to form a tube like shape [1]. Once formed, microtubules are known
to interact with many microtubule binding proteins. Some of these interactions can apply
post-translational modifications that change or expand the function of microtubules [2].
Therefore it is important to study these protein-protein interactions involving microtubules.
Of the studied interactions, most interact exclusively with the surface of microtubules. A
notable exception is alpha-tubulin acetyltransferase which interacts with the inside or
lumen of microtubules [3]. As its name suggests, atat is responsible for the acetylation of
alpha tubulin, specifically at the K40 position near the N terminus. Furthermore studies
have shown that low levels of acetylated microtubules causes axonal defects linked to
Huntington’s and Parkinson’s disease, while high levels can promote the metastasis of
breast cancer cells [3]. Thus acetylation is an important modification to study.
Furthermore, given atat, there may also be other proteins that enter the lumen and apply
similar post translational modifications.To identify potential protein-protein interactions in
the lumen, we are adapting a photocrosslinking method in microtubules. We hope that we
can incorporate DiZPK into the lumen of microtubules and use it to capture any potential
proteins that enter the lumen. To explain, DiZPK was first developed by Chen and
colleagues as an unnatural amino acid with an dizarine at the end [4]. Dizarines are a
photoreactive group, meaning it remains dormant until UV radiation whereby it will
become reactive and form a bond with nearby residues. To incorporate DiZPK in vivo,
they applied a process known as genetic code expansion. By introducing an orthogonal
tRNA and tRNA synthetase pair specific to DiZPK, when an amber stop codon or TAG is
detected, DiZPK will be added to the growing protein [4]. This method has been used to
incorporate DiZPK in mammalian systems for a variety of proteins including We hope to
apply this method to help us capture proteins in the lumen, specifically atat.
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Figure 3. Western blot of cell lysate and lysate following different transfection conditions.
Anti-alpha tubulin was used for primary and anti-rabbit was used for secondary.
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Figure 1a. (Top) Tubulin dimerizes and polymerizes into microtubules. Alpha-tubulin
acetyltransferase enters the inside or lumen of microtubules to catalyze the acetylation of
alpha-tubulin.
Figure 1b.(Bottom) DiZPK incorporation involves the suppression of amber stop codon.
Subsequent exposure to UV leads to the formation of a carbene, allowing for bonding to
nearby residues.

Figure 2a. (Top,Left) Pymol representation of alpha-tubulin and sites of incorporation. (Right) Sanger sequencing data demonstrating the insertion of an amber stop codon.
Figure 2b. (Bottom) Fluorescent imaging of HEK293 transfected with EGFP-a-Tubulin, stop codon mutant, and stop codon mutant in the presence of DiZPK. The cells were imaged
over a course of 2 days.
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